Alzheimer´s disease (AD) is a neurodegenerative disorder associated with memory impairment and cognitive deficit. Most of the drugs currently available for the treatment of AD are acetylcholinesterase (AChE) inhibitors. Plants of the Amaryllidaceae family are known to synthesize alkaloids, which have shown AChE inhibitory activity. Habranthus tubispathus and H. jamesonii are two Amaryllidaceae that can be found growing wild to the southwest of Buenos Aires in Argentina. Acetyl-and butyrylcholinesterase inhibition was observed for the extracts obtained from bulbs of H. tubispathus and bulbs and aerial parts of H. jamesonii. The strongest cholinesterase inhibition was observed for the alkaloid extract obtained from the aerial parts for H. jamesonii (AChE IC 50 = 0.7 µg/mL; BChE IC 50 = 6.7 µg/mL). The AChE inhibition observed for H. jamesonii could be explained by the presence of galanthamine and sanguinine, two potent AChE inhibitors. The levels of lycorine and hippeastidine, moderate AChE inhibitors, observed in the bulbs of H. tubispathus could be responsible for the significant AChE inhibition observed. The alkaloids present in these Amaryllidaceae were identified by means of GC-MS analysis. In the case of H. tubispathus, hippeastidine and 3-O-demethylhippeastidine, were isolated and completely characterized by 1 H and 13 C NMR spectroscopy.
Alzheimer´s disease (AD) is a progressive neurodegenerative disorder associated with memory impairment and cognitive deficit. It is characterized by low levels of the neurotransmitter acetylcholine (ACh) in the brain of AD patients. The inhibition of acetylcholinesterase (AChE), the enzyme that catalyzes ACh hydrolysis, is the main therapeutic strategy used to treat AD. AChE inhibitors can alleviate AD symptoms by improving cholinergic functions in AD patients. In the healthy brain, another enzyme, namely butyrylcholinesterase (BChE), is involved in the metabolic degradation of ACh. BChE activity increases as AD progresses. Thus, both enzymes, AChE and BChE, are considered legitimate therapeutic targets for treating the cholinergic deficit characteristic of AD [1] .
Amaryllidaceae alkaloids represent a large and still expanding group of isoquinoline alkaloids that have attracted considerable attention due to their interesting pharmacological properties such as antiprotozoal, antibacterial, anticonvulsant, antitumor, antiviral and anticholinesterase activities [2, 3] . The Amaryllidaceae family comprises about 1100 species and is widely distributed through tropical and warm regions of the world [4] . Among the Amaryllidaceae genera found in Argentina, the genus Habranthus, commonly known as "rain lilies", is represented by 27 species, of which 24 are endemic [5] . Typically, they appear from late spring through autumn, in response to rain. H. tubispathus (L´Hér.) Traub and H. jamesonii (Baker) Ravenna can be found growing wild to the southwest of Buenos Aires province [6] . H. tubispathus is found in grasslands and disturbed areas. In Argentina, its distribution covers the provinces of Corrientes, Entre Ríos, Santa Fe and Buenos Aires; it can also be found in Chile, Paraguay and Uruguay [7] . H. jamesonii is found in sandy soils in the west and center of Argentina (provinces of Catamarca, La Rioja, San Juan, San Luis, Mendoza, La Pampa, Río Negro, Chubut and in the south of Buenos Aires) [7, 8] .
In the present study, as part of our ongoing phytochemical and biological activity studies of Argentinean flora, H. tubispathus and H. jamesonii were investigated for their AChE and BChE inhibitory activity using Ellman´s method [9] . The alkaloids present in both extracts were also investigated and, in the case of H. tubispathus, two of the main alkaloids were isolated using chromatographic methods and identified by 1 H and 13 C NMR and GC-MS analysis.
Bulbs of H. tubispathus and bulbs and aerial parts (flowers and leaves) of H. jamesonii were extracted separately. The results observed for AChE and BChE inhibition are summarized in Table  1 . The alkaloid extract from the aerial parts of H. jamesonii showed the highest AChE and BChE inhibitory activity. The alkaloid extract obtained from the bulbs of H. jamesonii also exhibited potent AChE and BChE inhibition. In order to identify the alkaloids present in these extracts a GC-MS analysis was performed for each sample. The majority of the alkaloids were identified by comparing their mass spectra with those available in either the spectrometer database or the literature [10, 11] . Sanguinine (3), vitattine (4), narwedine (5), 8-Odemethylhomolycorine (15) and lycorine (14) were observed to be the major alkaloids in the aerial parts of H. jamesonii (Table 2) , whereas the bulbs of H. jamesonii proved to be rich in lycorine (14), 8-O-demethylhomolycorine (15), galanthamine (2) and sanguinine (3) ( Table 2 ). It is notable that the alkaloid profile differs substantially between the bulbs and the aerial parts of H. jamesonii. For example, alkaloids 4 and 5, which were present in traces in the bulbs, were detected in high proportions in the aerial parts. Similarly, while the bulbs of H. jamesonii were rich in galanthamine (2) and lycorine (14), these alkaloids were minor constituents of the aerial parts of this plant. Interestingly, our results differ dramatically from those reported by Ortiz et al. for H. jamesonii bulbs collected in two provinces in the Andean region of Argentina [12] . Our results confirm that alkaloid content depends on the geographical distribution of H. jamesonii populations. Intraspecies diversity in alkaloid profiles has also been observed for other Amaryllidaceae genera in populations collected from different locations [13] . The most important differences between our results and those reported by Ortiz et al., are probably the higher levels of galanthamine and sanguinine that we have detected in our study of H. jamesonii bulbs, and the fact that in our case, the chemical composition of the aerial parts was also investigated.
When the alkaloid extract of H. tubispathus was submitted for GC-MS analysis nine alkaloids were detected ( Table 2) . Seven were clearly identified by comparison of their mass spectra with those published either in the literature or stored in the spectrometer database, namely maritidine (6), montanine (8), haemanthamine (9), tazettine (10), haemanthidine (13), lycorine (14) and pseudolycorine (16) [10, 11] . The presence of alkaloids 8, 9 and 14 was in accordance with previous information about alkaloids from H. tubispathus [Prof. B. Maldoni, pers. comm. 2002]. The GC-MS results showed the presence of two compounds, 7 and 11, exhibiting molecular ions at m/z= 319 and 305, respectively, with unidentified MS fragmentation patterns. Several chromatographic separations allowed the isolation and purification of 7 (5.1 mg) and 11 (3.6 mg), along with lycorine. Compounds 7 and 11 proved to be crinine-type alkaloids with the unusual feature of a hydroxyl group at C-10.
The mass spectrum of 7 showed a molecular ion peak at m/z 319 (100%), indicating a molecular formula C 18 H 25 NO 4 , and a fragmentation pattern similar to that observed for hippeastidine, an alkaloid isolated from Hippeastrum añañuca [14] . Pacheco et al.
reported the structural elucidation of hippeastidine based on X-ray diffraction of its picrate and provided limited information about its mass spectrum and 1 H NMR spectrum (100 MHz) [14] . In order to confirm the identity of compound 7, 1 H and 13 C NMR data were recorded (Table 3) . Signals were assigned with the aid of correlations observed in 1 H-1 H COSY, HSQC, HMBC and NOESY experiments. We observed that the spectroscopic data obtained for alkaloid 7 was all in agreement with the structure proposed by Pacheco et al. in 1978 for hippeastidine [14] . This structure was confirmed by Watson et al. in 1982 through X-ray diffraction of a crystalline sample of this alkaloid [15] . Alkaloid 7 was, therefore, unambiguously identified as hippeastidine and a complete assignation of 1 H and 13 C NMR signals was achieved.
Interestingly, although a large number of alkaloids has been isolated or detected in plants belonging to the Amaryllidaceae family over the past decades, as far as we know, hippeastidine has only been isolated from Hippeastrum añañuca, until now, when we found it as one of the main alkaloids in H. tubispathus [3a, 14] .
The other unidentified alkaloid isolated from H. tubispathus, compound 11, showed a molecular ion peak at m/z 305 (100%) in Cholinesterase inhibition in alkaloids from Habranthus tubispathus and H jamesonii Natural Product Communications Vol. 9 (2) 2014 161 its mass spectrum, suggesting a molecular formula C 17 H 23 NO 4 ( Table 2 ). The 1 H and 13 C NMR spectra of 11 were very similar to those recorded for alkaloid 7, except for the absence of the 1 H and 13 C signals corresponding to the methoxy group attached to C-3 and differences observed in the chemical shifts of 1 H and 13 C resonances corresponding to positions 2 and 4 ( Table 3 ). Based on this information, compound 11 was identified as 3-Odemethylhippeastidine. This alkaloid was isolated also from H. añañuca, but in this case the identification was based on limited spectroscopic data: only four proton resonances (100 MHz, CDCl 3 ) and two fragmentations from the molecular ion in the mass spectrum were reported [16] .
The presence of the alkaloids galanthamine (2) and sanguinine (3) could be related to the high AChE inhibitory activity of H. jamesonii. Alkaloid 2 has been shown to be a potent AChE inhibitor (IC 50 1.07 µM) while alkaloid 3 (9-O-demethylgalanthamine) is ten times more potent than 2 as an AChE inhibitor [3b]. The higher levels of 2 found in the aerial parts of H. jamesonii could be responsible for the better cholinesterase inhibition observed in this case, compared with the activity observed for the bulb extract. Among the alkaloids present in H. tubispathus bulbs, hippeastidine (7) was observed to be the most active, while 3-Odemethylhippeastidine (11) proved to be inactive against both AChE and BuChE, at the tested concentrations (Table 1) . Both species produce lycorine (14) in good amounts (Table 2) , which has shown significant AChE inhibition in previous reports with IC 50 values ranging from 152 µM to 450 µM [3b, 17, 18] .
In conclusion, we have observed that both species exhibit potent AChE and BChE inhibition. The best activity was observed for the aerial parts of H. jamesonii. We have also studied the alkaloids profile for both species, and this work is the first report of a phytochemical study of H. tubispathus. Our results show that the H. jamesonii population found in the southwest of Buenos Aires province is a rich source of galanthamine, one of the approved drugs for AD treatment. The cholinesterase inhibition observed could be explained by the main alkaloids present in these Amaryllidaceae. In addition, we have isolated the main alkaloids of H. tubispathus, completely characterized them using spectroscopic methods, and evaluated them as cholinesterase inhibitors. 
GC-MS analysis:
Gas chromatography-mass spectrometry analyses were performed on a Hewlett Packard 6890/MSD 5972 instrument operating in EI mode at 70 eV, equipped with a capillary column (HP-5 30 m x 0.25 mm, 0.25 m film thickness). Mass range was from m/z 35 -500 amu. The carrier gas was helium with a flow rate of 1 mL/min. The GC oven temperature program was held at 100°C for 2 min, programmed at 15ºC/min to 180 °C, hold for 1 min, and then programmed at 5ºC/min to 280°C, and held for 10 min at 280°C. The injection block temperature was 280°C. Samples were dissolved in MeOH.
Results were analyzed using NBS75K.LMSDATA. Alkaloids were identified by comparing their MS and retention times with those reported in the literature.
Cholinesterase inhibition assay: Electric eel (Torpedo californica)
AChE and horse serum BChE were used as sources of both cholinesterases. AChE and BChE inhibitory activities were measured as previously reported [19] . All reactions were performed in triplicate. IC 50 values were determined with GraphPad Prism 5. Eserine (99%) was used as the reference AChE/BChE inhibitor.
